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DESCRIPTION 



PULSE SIGNAL DEMODULATION DEVICE 



5 TECHNICAL FIELD 

[0001] The present invention relates to a demodulation device 
which is used in a system for transmitting a pulse signal and 
demodulates a received pulse signal, and more particularly, to 
a demodulation device which is used in a system for converting 
10 a pulse signal into an optical signal before transmission. 



BACKGROUND ART 

[0002] In recent years, attention has been attracted by 
ultra-wideband (UWB) type communication using a short pulse signal . 

15 In the technique, a short-width pulse is used to obtain spread 
spectrum, thereby suppressing transmission power per unit 
frequency and enabling coexistence with other signals. The UWB 
technique has been vigorously researched and developed mainly in 
the field of short-distance wireless transmission, and started 

20 to be studied partly in the field of wired or optical transmission. 
[0003] Patent Document 1 describes a demodulation device which 

demodulates a short-pulse signal used in the UWB technique. FIG. 
14 is a diagram illustrating a configuration of the conventional 
demodulation device described in Patent Document 1. FIG. 15 is 

25 a diagram illustrating waveforms of signals output from major 
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sections of the demodulation device of FIG. 14. Note that (a) 
to (c) and (e) illustrated in FIG. 14 indicate that signals 
illustrated with (a) to (c) and (e) of FIG. 15 are output in 
directions indicated with arrows, respectively. 
5 [0004] The demodulation device 300 of FIG. 14 is wirelessly 
connected to a transmission device (not shown) , and demodulates 
a wireless signal transmitted from the transmission device. The 
demodulation device 300 includes a correlation section 320, a 
template signal generating section 340, a synchronization section 
10 350. 

[0005] The demodulation device 300 inputs a received wireless 
signal as a received signal into the correlation section 320 . FIG . 
15(a) is a diagram illustrating a waveform of the received signal 
(short-pulse signal) input to the correlation section 320. 

15 [0006] The template signal generating section 340 generates 
a template signal based on a synchronization signal output from 
the synchronization section 350 (described below) and a hopping 
pattern, and outputs the template signal to the correlation section 
320. The hopping pattern is a pattern, such as that illustrated 

20 in FIG. 15(b), which indicates timings with which pulses to be 
received are present. 

[0007] FIG. 15(c) is a diagram illustrating a waveform of the 
template signal output from the template signal generating section 
340. The template signal is a signal which has a waveform similar 
25 to that of the received signal and is in synchronized with the 



3 



received signal. 

[0008] The correlation section 320 obtains a correlation value 
between the waveform of the received signal and the waveform of 
the template signal to demodulate the received signal, and outputs 
5 the received signal as received data. FIG. 15(d) is a diagram 
illustrating the correlation value obtained by the correlation 
section 320. FIG. 15(e) is a diagram illustrating the received 
data output from the correlation section 320. 

[0009] When the obtained correlation value is larger than or 

10 equal to a positive threshold value (e.g., 0.5), the correlation 
section 320 identifies data "1". On the other hand, when the 
obtained correlation value is smaller than or equal to a negative 
threshold value (e.g., -0.5), the correlation section 320 
identifies data "0". When the obtained correlation value is 

15 neither larger than or equal to the positive threshold value nor 
smaller than or equal to the negative threshold value, the 
correlation section 320 identifies that there is not a pulse. For 
example, when the waveform of the received signal completely 
matches the waveform of the template signal, the correlation value 

20 obtained by the correlation section 320 is +1. On the other hand, 
the waveform of the received signal and the waveform of the template 
signal have phases completely reverse to each other, the 
correlation value obtained by the correlation section 320 is -1. 
[0010] The synchronization section 350 outputs a 

25 synchronization signal which is in synchronization with the 
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received signal, to the template signal generating section 340. 
Also, the synchronization section 350 adjusts the phase of the 
synchronization signal so that the correlation value in the case 
of data "1" is maximized. 
5 [0011] Note that, typically, in order to effectively obtain 
spread spectrum, time hopping is performed in which a pulse position 
within a bit cycle is changed per bit based on a pseudo-random 
pattern. However, in FIG . 15, for the sake of simplicity, the 
pulse position within the bit cycle is assumed to be fixed. 
10 [0012] As described above, the demodulation device can 
demodulate a short-pulse signal received wirelessly, by obtaining 
a correlation value between a received signal and a template signal . 
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DISCLOSURE OF THE INVENTION 

PROBLEMS TO BE SOLVED BY THE INVENTION 

[0013] A template signal generated in the conventional 
demodulation device has the same waveform as that of a signal 

20 transmitted from the transmission device. However, when the 
signal is transmitted, a distortion occurs in the waveform of the 
signal in a transmission channel, the received signal cannot be 
correctly demodulated. For example, the signal which should be 
demodulated as data xx l" should completely match the waveform of 

25 the template signal. However, when a distortion occurs in the 
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wavef ormof the received signal, the absolute value of a correlation 
value obtained between the received signal and the template signal 
is reduced. 

[0014] As a result, since the absolute value of the correlation 
5 value obtained by the correlation section is reduced, the error 
rate of the demodulated data increases. Thus, the conventional 
demodulation device cannot correctly modulate a short-pulse signal 
in which a waveform distortion occurs. The problem that a signal 
having a waveform distortion cannot be correctly demodulated, is 
10 not limited to the case where a short-pulse signal is demodulated, 
and may arise when other pulse signals, such as an RZ signal and 
the like, are demodulated. 

[0015] Therefore, for example, when a pulse signal to be 
transmitted is converted into an optical signal before transmission, 

15 a pulse signal needs to be demodulated, taking into consideration 
that a waveform deteriorating factor specific to an optical 
transmission channel is present in the optical transmission channel . 
However, since a waveform distortion occurring in the optical 
signal is not taken into consideration when the template signal 

20 is generated by the conventional demodulation device, the pulse 
signal cannot be correctly demodulated when the conventional 
demodulation device is applied to an optical transmission system. 
[0016] Therefore, an object of the present invention is to 
provide a pulse signal demodulation device capable of correctly 

25 demodulating a pulse signal in an optical transmission system in 



t 

which a pulse signal is converted into an optical signal before 
transmission . 

SOLUTION TO THE PROBLEMS 
5 [0017] The present invention provides a pulse signal 
demodulation device for receiving a pulse signal converted into 
an optical signal via an optical transmission channel, and 
demodulating the pulse signal. The device comprises an 
optical-to-electrical conversion section for converting the 

10 received optical signal into an electrical signal, and outputting 
the electrical signal as a received signal, a reception waveform 
information calculating section for outputting, as reception 
waveform information, information about a shape of a waveform of 
the pulse signal on which a distortion occurring during the time 

15 from when the pulse signal is converted to the optical signal to 
when the optical signal is converted into the received signal by 
the optical-to-electrical conversion section, is reflected, a 
template signal generating section for generating a template signal 
which has a waveform on which a distortion similar to the distortion 

20 occurring in the received signal is reflected, and is in 
synchronization with the received signal, based on the reception 
waveform information output from the reception waveform 
information calculating section and a synchronization signal which 
is in synchronization with the received signal, and a correlation 

25 section for demodulating the pulse signal by obtaining a 
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correlation between waveforms of the received signal output from 
the optical-to-electrical conversion section and the template 
signal generated by the template signal generating section. 
[0018] Thereby, in the case where a pulse signal is optically 
5 transmitted, even when a distortion occurs in a waveform of an 
optical signal, a template signal having a waveform on which a 
distortion similar to a distortion occurring in a received signal 
is reflected, can be generated. Thereby, when a correlation value 
is obtained based on the received signal and the template signal, 

10 the absolute value of the correlation value is not reduced. 
Therefore, the pulse signal can be correctly demodulated. 
[0019] Preferably, the reception waveform information 
calculating section may generate the reception waveform 
information based on a waveform of the pulse signal as it is 

15 transmitted, and information about the optical transmission 
channel . 

[0020] Thereby, it is possible to generate a template signal 
on which a distortion occurring in an optical signal in an optical 
transmission channel, orthelike, based on a waveformof the optical 

20 signal as it is transmitted . Therefore, it is possible to generate 
a template signal, depending on a waveform of an optical signal 
or a property of an optical transmission channel. 
[0021] The pulse signal may be a short-pulse signal which 
occupies a frequency band having a width larger than that of a 

25 frequency band when a bit rate is converted into Hertz. 
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[0022] As an example, the reception waveform information 
calculating section outputs, as reception waveform information, 
amplitudes and phases of a frequency component corresponding to 
an integral multiple of a peak frequency of a spectrum of the pulse 
5 signal, and the peak frequency component, in the distortion 
occurring in the pulse signal. The template signal generating 
section includes a plurality of sine wave generating sections for 
generating a sine wave signal having the peak frequency and a sine 
wave signal having a frequency which is an integral multiple of 

10 the peak frequency, a plurality of amplitude/phase adjusting 
sections for adjusting amplitudes and phases of the sine wave 
signals generatedby the plurality of sine wave generating sections, 
based on the reception waveform information, and a wave combining 
section for combining the sine wave signals having the amplitudes 

15 and the phases adjusted by the plurality of amplitude/phase 
adjusting sections . 

[0023] Thereby, it is possible to generate a template signal 
on which a harmonic distortion occurring in a received signal is 
reflected. Therefore, a pulse signal can be correctly demodulated 

20 without a decrease in the absolute value of a correlation value. 
Also, since a template signal is generated based on a peak frequency 
component and integral multiple frequency components thereof of 
a signal, the template signal generating section can be composed 
of low-rate parts as compared to, for example, when any arbitrary 

25 waveform generator is used to generate a template signal. 
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Therefore, the pulse signal demodulation device can be constructed 
with low cost. 

[0024] The template signal generating section may further 
include a mask section for passing the combined signal obtained 
5 by the wave combining section, based a hopping pattern indicating 
timing of a pulse to be received, to generate the template signal. 

[0025] Thereby, it is possible to demodulate a multiply 
transmitted signal . 

[0026] The pulse signal may be an RZ signal. 

10 [0027] As an example, the reception waveform information 
calculating section outputs, as reception waveform information, 
amplitudes and phases of a frequency component corresponding to 
an integral multiple of a peak frequency of a spectrum of the pulse 
signal, and the peak frequency component, in the distortion 

15 occurring in the pulse signal. The template signal generating 
section includes a plurality of sine wave generating sections for 
generating a sine wave signal having the peak frequency and a sine 
wave signal having a frequency which is an integral multiple of 
the peak frequency, a plurality of amplitude/phase adjusting 

20 sections for adjusting amplitudes and phases of the sine wave 
signals generated by the plurality of sine wave generating sections, 
based on the reception waveform information, a wave combining 
section for combining the sine wave signals output by the plurality 
of amplitude/phase adjusting sections, and a bias section for 

25 adding a bias to the combined sine wave signal obtained by the 
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wave combining section so that a minimum value of the combined 
sine wave signal is "0", and outputting the resultant signal as 
a template signal. 

[0028] Thereby, it is possible to generate a template signal 
5 on which a harmonic distortion occurring in a received signal is 
reflected. Therefore, a pulse signal can be correctly demodulated 
without a decrease in the absolute value of a correlation value. 
Also, since a template signal is generated based on a peak frequency 
component and integral multiple frequency components thereof of 
10 a signal, the template signal generating section can be composed 
of low-rate parts as compared to, for example, when any arbitrary 
waveform generator is used to generate a template signal. 
Therefore, the pulse signal demodulation device can be constructed 
with low cost. 

15 [0029] The information about the optical transmission channel 
may include a chirp parameter of a semiconductor laser or an optical 
modulator used as a transmitter for transmitting the optical signal, 
and a total dispersion amount of the optical transmission channel 
in a wavelength of the optical signal. The reception waveform 

20 information calculating section may calculate a transmitted light 
spectrumbasedona wavef ormof the pulse signal as it is transmitted, 
and a chirp parameter, calculates a received light spectrum based 
on the transmitted light spectrum and the total dispersion amount 
of the optical transmission channel, calculates a received signal 

25 spectrum converted into an electrical signal based on the received 



light spectrum, and outputs information about the received signal 
spectrum as reception waveform information. 

[0030] Thereby, it is possible to generate a template signal 
on which an influence of a chirp in an optical signal and an influence 
of wavelength dispersion in an optical transmission channel, are 
reflected. Therefore, even when a waveform distortion occurs due 
to wavelength dispersion on an optical transmission channel, a 
pulse signal can be correctly demodulated. 

[0031] The correlation section may output a calculated 
correlation value to the reception waveform information 
calculating section. The reception waveform information 
calculating section may change the information about the optical 
transmission channel to generate the reception waveform 
information, and sets the information about the optical 
transmission channel to be a value when the correlation value 
obtained by the correlation section is maximized. 

[0032] Thereby, information about an optical transmission 
channel can be set to be a value when a correlation value is maximized. 
Therefore, even when the information about the optical transmission 
channel is not clear, it is possible to estimate and set the 
information about the optical transmission channel to be an optimal 
value . 

[0033] The correlation section may include a multiplication 
section for multiplying the received signal with the template 
signal, an integration section for calculating an integral of the 



signal multiplied by the multiplication section over a period of 
time corresponding to one bit, and an identification section for 
identifying the signal integrated by the integration section, and 
outputting the identified value. 
5 [0034] Thereby, it is possible to construct a correlation 
section without a high-speed digital circuit- Therefore, a pulse 
signal demodulation device can be constructed with low cost. 
[0035] As an example, a test pulse signal converted into a signal 
is transmitted to the pulse signal demodulation device, and the 
10 reception waveform information calculating section generates the 
reception waveform information based on a waveform of the test 
pulse signal output from the optical— to— electrical conversion 
section . 

[0036] Thereby, based on a waveform of an actually received 
15 signal, it is possible to generate a template signal on which a 
distortion occurring in the received signal is reflected. Thereby, 
it is not necessary to previously store, into a memory, information 
for calculating waveform information. In addition, for example, 
when a distortion occurs in a signal waveform due to a plurality 
20 of waveform deteriorating factors, it is not necessary to perform 
a complicated calculation so as to calculate reception waveform 
information . 

[0037] A storage section for storing a waveform of the pulse 
signal as it is transmitted, and the information about the optical 
25 transmission channel, maybe provided. Further, an input section 
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for inputting the waveform of the pulse signal as it is transmitted, 
and the information about the optical transmission channel, may 
be provided. The storage section may store the waveform of the 
pulse signal as it is transmitted, and the information about the 
5 optical transmission channel which are input from the input 
section . 

[0038] Thereby, it is possible to easily change a waveform of 
a pulse signal as it is transmitted, and information for an optical 
transmission channel which are used when a reception waveform 
10 information calculating section calculates reception waveform 
information. Therefore, it is possible to flexibly support a 
difference in an individual condition, such as a transmission 
distance or the like. 

EFFECT OF THE INVENTION 

[0039] According to the present invention, in an optical 
transmission system in which a pulse signal is converted into an 
optical signal before transmission, a pulse signal demodulation 
device capable of correctly demodulating a pulse signal is 
provided. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] [FIG. 1] FIG. 1 is a block diagram illustrating a 

configuration of an optical transmission system to which a pulse 
25 signal demodulation device 30 according to a first embodiment of 
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the present invention is applied. 

[FIG. 2] FIG. 2 is a block diagram illustrating a 
detailed exemplary configuration of the correlation section 32. 

[FIG. 3] FIG. 3 is a diagram for specif ically explaining 
5 a method for calculating reception waveform information. 

[FIG. 4] FIG. 4 is a block diagram illustrating a 
configuration of an optical transmission system to which a pulse 
signal demodulation device 30a of a variation of the first 
embodiment is applied. 
10 [FIG. 5] FIG. 5 is a flowchart illustrating an operation 

a reception waveform information calculating section 33a of FIG. 
4. 

[FIG. 6] FIG. 6 is a block diagram illustrating a 
configuration of an optical transmission system to which a pulse 
15 signal demodulation device 30b according to a second embodiment 
of the present invention is applied. 

[FIG. 7] FIG. 7 is a block diagram illustrating a 
configuration of an optical transmission system to which a pulse 
signal demodulation device 30c of a variation of the second 
20 embodiment is applied. 

[FIG. 8] FIG. 8 is a block diagram illustrating a 
configuration of an optical transmission system to which a pulse 
signal demodulation device 30d according to a third embodiment 
of the present invention is applied. 
25 [FIG. 9] FIG. 9 is a diagram illustrating exemplary 
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waveforms of signals output from major sections of the pulse signal 
demodulation device 30d of FIG. 8, which are results obtained by 
simulation . 

[FIG. 10] FIG. 10 is a block diagram illustrating a 
5 configuration of an optical transmission system to which a pulse 
signal demodulation device 30 according to a fourth embodiment 
of the present invention is applied. 

[FIG. 11] FIG. 11 is a block diagram illustrating a 
configuration of an optical transmission system to which a pulse 
10 signal demodulation device 30e of a variation of the fourth 
embodiment is applied. 

[FIG. 12] FIG. 12 is a diagram illustrating waveforms 
of signals output from major sections of the pulse signal 
demodulation device 30e of FIG. 11. 
15 [FIG. 13] FIG. 13 is a block diagram illustrating a 

configuration of an optical transmission system to which a pulse 
signal demodulation device 30f according to a fifth embodiment 
of the present invention is applied. 

[FIG. 14] FIG. 14 is a block diagram illustrating a 
20 configuration of a conventional demodulation device used in an 
ultra-wide band communication scheme. 

[FIG. 15] FIG. 15 is a diagram illustrating waveforms 
of signals output from major sections of the conventional 
demodulation device of FIG. 14. 

25 
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DESCRIPTION OF THE REFERENCE CHARACTERS 
[0041] 10 transmission device 

11 transmission pulse generating section 

12 electrical-to-optical conversion section 
5 13 RZ modulation section 

20 optical transmission channel 
30, 300 pulse signal demodulation device 
31 optical-to-electrical conversion section 
32, 320 correlation section 
10 33 reception waveform information calculating section 

34, 340 template signal generating section 

35 storage section 

36 input section 

411, 422, 423 sine wave generating section 
15 421, 422, 423 amplitude/phase setting section 

43 wave combining section 

44 mask section 

45 bias section 

51 multiplication section 
20 52 integration section 

53 identification section 
350 synchronization section 



BEST MODE FOR CARRYING OUT THE INVENTION 
25 [0042] Hereinafter, embodiments of the present invention will 
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be described with reference to the accompanying drawings. 
[0043] (First embodiment) 

FIG. 1 is a block diagram illustrating a configuration 
of an optical transmission system to which a pulse signal 
5 demodulation device 30 according to a first embodiment of the 
present invention is applied. The optical transmission system 
includes a transmission device 10 and the pulse signal demodulation 
device 30. The transmission device 10 and the pulse signal 
demodulation device 30 are connected via an optical transmission 
10 channel 20 . 

[004 4 ] The transmission device 10 converts a short -pulse signal 
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into an optical signal, and transmits the optical signal via the 
optical transmission channel 20 to the pulse signal demodulation 

15 device 30. The short-pulse signal used in the UWB communication 
scheme occupies a frequency band having a width larger than that 
of a frequency band when a bit rate is converted into Hertz. When 
receiving the optical signal transmitted via the optical 
transmission channel 20, the pulse signal demodulation device 30 

20 converts the optical signal into an electrical signal, and 
demodulates the electrical signal. 

[0045] In FIG. 1, the transmission device 10 includes a 

transmission pulse generating section 11 and an 
electrical-to-optical conversion section 12. The pulse signal 
25 demodulation device 30 includes an optical-to-electrical 
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conversion section 31, a correlation section 32, a reception 
waveform information calculating section 33, and a template signal 
generating section 34. 

[0046] The transmission pulse generating section 11 modulates 
transmission data to be transmitted to the pulse signal 
demodulation device 30, converts the transmission data into a 
short-pulse signal, and outputs the short-pulse signal as a 
transmission signal to the electrical-to-optical conversion 
section (E/O) 12. The electrical-to-optical conversion section 
12 converts the transmission signal output from the transmission 
pulse generating section 11 into an optical signal, and outputs 
the optical signal to the optical transmission channel 20. The 
optical signal converted by the electrical-to-optical conversion 
section 12 is transmitted through the optical transmission channel 
20 and is input to the optical-to-electrical conversion section 
(O/E) 31 of the pulse signal demodulation device 30. 
[0047] The optical-to-electrical conversion section 31 
converts the optical signal transmitted via the optical 
transmission channel 20 to the transmission device 10, into an 
electrical signal, and outputs the electrical signal as a received 
signal to the correlation section 32. 

[0048] The reception waveform information calculating section 
33 calculates a waveform of a transmission signal on which a 
distortion which may occur in the received signal is reflected, 
based on transmission waveform information and a specification 



of the optical transmission channel, and outputs information about 
a shape of the calculated waveform, as reception waveform 
information, to the template signal generating section 34. The 
transmission waveform information is information about a shape 
of a pulse in a transmission signal output from the transmission 
pulse generating section 11. The transmission waveform 
information is represented by a width or an amplitude of a pulse, 
for example. The specification of the optical transmission 
channel is information indicating a property of the optical 
transmission channel. For example, the specification of the 
optical transmission channel is information indicating a length 
of the optical transmission channel 20 connecting between the 
transmission device 10 and the pulse signal demodulation device 
30, or a property (a material property, a structure, etc. ) of the 
optical transmission channel 20. The transmission waveform 
information and the specification of the optical transmission 
channel are input to the reception waveform information calculating 
section 33. 

[0049] During the time when a transmission signal is converted 

into an optical signal, the optical signal is transmitted through 
the optical transmission channel 20, and the optical signal is 
converted into a received signal by the optical-to-electrical 
conversion section 31 of the pulse demodulation device, a 
distortion occurs in a waveform of the signal. The reception 
waveform information is information about a shape of a waveform 
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of a transmission signal on which a distortion occurring in a 
received signal is reflected. The reception waveform information 
is represented by a width or an amplitude of a pulse, for example. 
Hereinafter, a cause for a distortion occurring in an optical signal, 
and the reception waveform information generated by the reception 
waveform information calculating section 33, will be specifically 
described . 

[0050] When an optical signal converted by the 
electrical-to-optical conversion section 12 of the transmission 
device 10 is affected by wavelength dispersion during transmission 
through the optical transmission channel 20 , a distortion may occur 

_i_ix ci vVci v ciwim wj_ Luc i — t_ a a. o j.yua± . 1 uc w a. v x cny u.u uiopclDiun 

refers to a phenomenon that, when a pulse signal is propagated 
through an optical transmission channel, a delay time varies among 
different light frequency components included in the pulse signal, 
resulting in occurrence of a spread in a waveform thereof. In 
this case, a distortion occurs in the waveform of the received 
signal output from the optical-to-electrical conversion section 
31 of the pulse signal demodulation device 30. 

[0051] Before an optical signal is input to the 
optical-to-electrical conversion section 31, not only an intensity 
thereof is modulated, but also a phase thereof is additionally 
modulated in a semiconductor laser or an optical modulator which 
is used to convert an electrical signal into an optical signal, 
in the electrical-to-optical conversion section 12. The degree 
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of the additional phase modulation with respect to the optical 
signal is determined, depending on a chirp parameter of the 
semiconductor laser or the optical modulator . The chirp parameter 
refers to a parameter indicating a ratio of the degree of phase 
5 modulation and the degree of intensity modulation occurring in 
the semiconductor laser or the optical modulator. Due to the 
additional phase modulation, the spectrum of the optical signal 
is spread, so that a distortion occurring in the waveform of the 
received signal due to the wavelength dispersion becomes more 

10 significant. 

[0052] Therefore, when a distortion occurs in an optical signal 
due to wavelength dispersion, the specification of the optical 
transmission channel to be input to the reception waveform 
information calculating section 33 includes a total dispersion 

15 amount of the optical transmission channel 20 in wavelengths of 
the optical signal, and the chirp parameter of the semiconductor 
laser. Note that the total dispersion amount is obtained from 
a product of the wavelength dispersion of the optical transmission 
channel 20 in the wavelengths of the optical signal and a 

20 transmission distance, and therefore, the specification of the 
optical transmission channel may include information about the 
wavelength dispersion and the transmission distance instead of 
the total dispersion amount. The reception waveform information 
calculating section 33 generates the reception waveform 

25 information based on the input transmission waveform information, 



the input total dispersion amount obtained as the product of the 
wavelength dispersion and the transmission distance, and the input 
chirp parameter. Note that, preferably, the specification of the 
optical transmission channel may include the slope efficiency of 
the semiconductor laser and the conversion efficiency of the 
optical-to-electrical conversion section 31. Thereby, the 
accuracy of the obtained reception waveform information can be 
improved . 

[0053] FIG. 3 is a diagram for specifically explaining a method 
for calculating the reception waveform information . Hereinafter, 
a method for calculating the reception waveform information 
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FIG. 3. Note that, in FIG. 3, an example is described in which 
transmission waveform information 61 includes information about 
a waveform of a transmission signal (electrical signal), and a 
specification 62 of an optical transmission channel includes a 
slope efficiency, a chirp parameter, a wavelength dispersion, a 
a transmission distance, and a conversion efficiency (O/E 
conversion efficiency) of the optical-to-electrical conversion 
section 31. 

[0054] Initially, a transmitted light intensity waveform 63 
is obtained from a product of a waveform I(t) of a transmission 
signal indicated by the transmission waveform information 61 and 
the slope efficiency. Also, in this case, a transmitted light 
phase waveform (j>(t) 64 is calculated from the waveform I(t) of 
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the transmission signal and a chirp parameter a by the following 
expression 1. 

[0055] [Expression 1] 

^(t) = -|ln(/(0) 

5 [0056] Next, a real number component and an imaginary component 
of a transmitted light waveform 65 are obtained from the transmitted 
light intensity waveform 63 and the transmitted light phase 
waveform 64. Thereafter, based on the obtained real number 
component and imaginary number component of the transmitted light 

10 waveform 65, a transmitted light spectrum 66 is obtained by Fourier 
transform. Next, based on the transmitted light spectrum 66 and 
a total dispersion amount 67 obtained from a product of the 
wavelength dispersion and the transmission distance, a delay amount 
of each light frequency component is obtained to calculate a 

15 received light spectrum 68. Thereafter, a received light 
intensity waveform 70 is obtained by inverse Fourier transform. 
Finally, a received signal waveform (electricity) obtained from 
a product of the received light intensity waveform 70 and the 
conversion efficiency is output as reception waveform information 

20 71 to the template signal generating section 34. 

[0057] The template signal generating section 34 generates a 
template signal for demodulating a received signal and outputs 
the template signal to the correlation section 32. The template 
signal generating section 34 receives a hopping pattern generated 
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by a hopping pattern generating section (not shown) and a 
synchronization signal generated by a synchronization signal 
generating section (not shown) . The hopping pattern indicates 
timings with which pulses to be received are present. The 
5 synchronization signal is a signal which is in synchronization 
with the received signal. The template signal generating section 
34 generates the template signal based on the reception waveform 
information output from the reception waveform information 
calculating section 33, the hopping pattern, and the 

10 synchronization signal. 

[0058] Initially, the template signal generating section 34 
generates a signal based on the reception waveform information. 
In this case, the generated signal has a waveform on which a 
distortion similar to a distortion occurring in the received signal 

15 is reflected. Thereafter, the template signal generating section 
34 outputs the generated signal to the correlation section 32 in 
synchronization with the received signal input to the correlation 
section 32, based on the synchronization signal. In this case, 
the template signal generating section 34 outputs the generated 

2 0 signal in a pattern whichmatches the hopping pattern . For example , 
when the hopping pattern is xx l", the template signal generating 
section 34 outputs the signal, and conversely, when the hopping 
pattern is "0", the template signal generating section 34 does 
not output the signal. Thereby, the template signal which has 

25 a waveform on which a distortion similar to a distortion occurring 
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in the received signal is reflected and is in synchronization with 
the received signal, is input to the correlation section 32. 
[0059] Note that, in the present invention, means for generating 
the synchronization signal is not limited, as long as the 
5 synchronization signal is a signal which is in synchronization 
with the received signal . For example, the synchronization signal 
may be generated using any arbitrary waveform generator. 
[0060] The correlation section 32 obtains a correlation value 
between the received signal output from the optical-to-electrical 

10 conversion section 31 and the template signal output from the 
template signal generating section to demodulate the received 
signal, and outputs the resultant signal as received data to the 
outside. Initially, the correlation section 32 calculates a 
correlation value R from a received signal waveform A(t) and a 

15 template signal waveform B(t) by the following expression 2. 
[0061] [Expression 2] 

[0062] Note that the received signal waveform A(t) and the 
template signal waveform B(t) are assumed to be normalized to 
20 satisfy the following expression 3. 
[0063] [Expression 3] 

I 4 £>(<>}'*=> 

[0064] When the correlation value calculated from expression 
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2 is larger than or equal to a predetermined positive value (e.g., 
0.5), the correlation section 32 identifies "1". When the 
correlation value calculated from expression 2 is smaller than 
or equal to a predetermined negative value (e.g., -0.5), the 
5 correlation section 32 identifies "0" . When the correlation value 
calculated from expression 2 is neither larger than or equal to 
the predetermined positive value nor smaller than or equal to the 
predetermined negative value, the correlation section 32 
identifies that there is not a pulse. 
10 [0065] FIG. 2 is a block diagram illustrating a detailed 

exemplary configuration of the correlation section 32. In FIG. 
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an integration section 52, and an identification section 53. 
[0066] The multiplication section 51 multiplies the received 
15 signal with the template signal, and outputs the resultant product 
value to the integration value 52. 

[0067] The integration section 52 calculates an integral of 
the product output from the multiplication section 51 over a period 
of time corresponding to one bit (bit cycle) , and outputs the 

20 resultant integral value to the identification section 53. The 
integral value output from the integration section 52 corresponds 
to a correlation value obtained from expression 2. 
[0068] The identification section 53 identifies the 
correlation value output from the integration section 52, and 

25 determines whether the correlation value is larger than or equal 
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to the predetermined positive value or smaller than or equal to 
the predetermined negative value. 

[0069] Note that the configuration of the correlation section 
32 of FIG. 2 is only for illustrative purposes. The configuration 
5 of the correlation section 32 is not limited to the above-described 
configuration, as long as the correlation value can be obtained. 
For example, the correlation section 32 maybe configured to perform 
the calculation of expression 2 by digital numerical computation. 
[0070] As described above, according to this embodiment, in 
10 the case where a short-pulse signal is optically transmitted, even 
when a distortion occurs in the waveform, a template signal having 
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in a received signal is reflected, can be generated. Thereby, 
when a correlation value is obtained based on the received signal 
15 and the template signal, the absolute value of the correlation 
value is not reduced. Therefore, the short-pulse signal can be 
correctly demodulated . 

[0071] Note that, in this embodiment, the specification of the 
optical transmission channel is input to the reception waveform 

20 information calculating section via an input section which is not 
shown. Here, the reception waveform information calculating 
section may previously store information about the specification 
of the optical transmission channel. Alternatively, the 
reception waveform information calculating section may obtain the 

25 specification of the optical transmission channel by monitoring 
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the optical transmission channel . For example, a test pulse signal 
may be transmitted from the transmission device 10, and it is 
detected in the pulse signal demodulation device how an amplitude 
or a frequency component of a received test pulse signal is changed 
as compared to the pulse signal as it is transmitted, thereby making 
it possible to calculate the specification of the optical 
transmission channel . Note that the optical transmission channel 
may be monitored by other methods, which do not directly relate 
to the essence of the present invention and will not be described 
in detail. 

[0072] (Variation of first embodiment) 

Next, a variation of the first embodiment will be 
described. A pulse signal demodulation device according to this 
variation is different from the pulse signal demodulation device 
of the first embodiment in that the specification of the optical 
transmission channel is previously set in the first embodiment, 
but the specification of the optical transmission channel is 
calculated in this variation. 

[0073] FIG. 4 is a diagram illustrating a configuration of an 
optical transmission system to which a pulse signal demodulation 
device 30a of this variation is applied. The optical transmission 
system includes a transmission device 10 and a pulse signal 
demodulation device 30a. The transmission device 10 and the pulse 
signal demodulation device 30a are connected via an optical 
transmission channel 20. 
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[0074] The pulse signal demodulation device 30a includes an 
optical-to-electrical conversion section 31, a correlation 
section 32a, a reception waveform information calculating section 
33a, and a template signal generating section 34 . The pulse signal 
5 demodulation device 30a of this variation is different from the 
pulse signal demodulation device 30 of the first embodiment in 
operations of the reception waveform information calculating 
section 33a and the correlation section 32a. The other components 
are similar to those of the first embodiment, and therefore, 

10 components similar to those of FIG. 1 are indicated with the same 
reference numerals and will not be described. A transmission pulse 
generating section 11 and an electrical-to-optical conversion 
section 12 have functions similar to those of the first embodiment 
and will not be described. 

15 [0075] The correlation section 32a obtains a correlation value 
between a received signal output from the optical-to-electrical 
conversion section 31 and a template signal output from the template 
signal generating section. The correlation section 32a outputs 
the obtained correlation value to the reception waveform 

20 information calculating section 33a. Also, the correlation 
section 32a outputs demodulated received data to the outside. 
[0076] The reception waveform information calculating section 
33a changes reception waveform information to be output to the 
template signal generating section 34 to determine the 

25 specification of an optical transmission channel so that the 
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correlation value output from the correlation section 32a is 
maximized. Thereafter, the reception waveform information 
calculating section 33a generates reception waveform information 
based on transmission waveform information and the determined 
specification of the optical transmission channel, and outputs 
the reception waveform information to the template signal 
generating section 34. 

[ 0077 ] As the specification of the optical transmission channel 
approaches an optimal value, the waveform of the template signal 
output from the template signal generating section 34 approaches 
the waveform of the received signal, and therefore, the correlation 

for example, when a distortion occurs in an optical signal due 
to wavelength dispersion, the values of a chirp parameter and a 
total dispersion amount may be set to be values which maximize 
the correlation value. Hereinafter, the case where a distortion 
occurs in an optical signal due to wavelength dispersion will be 
described as an example. 

[0078] FIG. 5 is a flowchart illustrating an operation the 
reception waveform information calculating section 33a of FIG. 
4. Hereinafter, a procedure for estimating the specification of 
the optical transmission channel will be described with reference 
to FIG. 5, where the specification of the optical transmission 
channel is composed of a chirp parameter and a total dispersion 
amount, for example. 
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[0079] Initially, the reception waveform information 
calculating section 33a prepares N set values i for the chirp 
parameter within a range in which the chirp parameter can take 

a value, i.e., chirp parameters oti (i=0, 1, — , N-l) . Similarly, 
5 the reception waveform information calculating section 33a 
prepares M set values k within a range in which the total dispersion 
amount can take a value, i.e., total dispersion amounts D k (k=0, 
1, — , M-l) . 

[0080] Thereafter, the reception waveform information 
10 calculating section 33a sets the chirp parameter set value i to 
be 0 and a correlation value RX to be 0 (step S101) . Thereafter, 
the reception waveform information calculating section 33a sets 

the value of the chirp parameter to be (Xi (step S102). 
[0081] The reception waveform information calculating section 
15 33a sets the total dispersion amount set value k to be 0 and a 

correlation value RRi at the chirp parameter oti to be 0 (step S103) . 
Thereafter, the reception waveform information calculating 

section 33a sets the value of the total dispersion amount to be 

D k (step S104) , and causes the correlation section 32a to measure 

20 the correlation value R k at that time (step S105) . 

[0082] Thereafter, the reception waveform information 
calculating section 33a determines whether or not the correlation 
value R k calculated by the correlation section 32a is larger than 
the correlation value RRi at the chirp parameter set value i (step 

25 S106) . When the correlation value R k is larger than the correlation 
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value RRi at the chirp parameter set value i, the reception waveform 
information calculating section 33a substitutes the correlation 
value Rk at the total dispersion amount D k into the correlation 
value RR± at the chirp parameter set value i (step S107) . Also, 
5 the reception waveform information calculating section 33a 
substitutes the value of k at that time into a set value a, and 
stores the set value a. 

[008 3] On the other hand, when the correlation value Rk is smaller 
than the correlation value RR± at the chirp parameter set value 

10 i, the reception waveform information calculating section 33a adds 
1 to the total dispersion amount set value k (step S108), and 
determines whether or not the total dispersion amount set value 
k is smaller than the number M of total dispersion amount set values 
(step S109) . When the total dispersion amount set value k is 

15 smaller than the number M of total dispersion amount set values, 
the reception waveform information calculating section 33a returns 
to the operation of step S104, and causes the correlation section 
32a to measure the correlation value R k at the total dispersion 
amount D k . 

20 [0084] On the other hand, when the total dispersion amount set 
value k is equal to the number M of total dispersion amount set 
values, the reception waveform information calculating section 
33a substitutes a total dispersion amount D a at the stored set 
value a into Ei, and stores Ej.. Thus, the reception waveform 

25 information calculating section 33a changes the total dispersion 



amount value to Di to D M -i, and causes the correlation section 32a 
tomeasure the correlation value Ri to R M -i at that time . Thereafter , 
when the measurement of the correlation value is finished for all 
values of Do to D M _i, a maximum correlation value RRi within this 
range is obtained, and a total dispersion amount at that time is 
stored as E±. 

[0085] Next, the reception waveform information calculating 
section 33a determines whether or not the correlation value RRi 
at the chirp parameter set value i is larger than the correlation 
value RX (step Sill) . When the correlation value RRi at the chirp 
parameter set value i is larger than the correlation value RX, 

LllC lui j_ _i_ a. Liuii vciiuc rvixi d i— Liic paj.aiLLCucj. be l vdxuc _i_ _i_ o 

substituted into the correlation value RX (step S112) . Also, the 
reception waveform information calculating section 33a 
substitutes the value of i at that time into a set value b, and 
stores the set value b. Thereafter, the reception waveform 
information calculating section 33a goes to an operation of step 
S113. 

[0086] On the other hand, when the correlation value RRi at 
the chirp parameter set value i is smaller than the correlation 
value RX in step Sill, the reception waveform information 
calculating section 33a goes to an operation of step S113. 

[0087] In step S113, the reception waveform information 

calculating section 33a adds 1 to the value of i, and determines 
whether or not the value of i is smaller than the number N of chirp 
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parameter set values (step S114) . When the value of i is smaller 
than the number N of chirp parameter set values, the reception 
waveform information calculating section 33a returns to the 
operation of step S102. 
5 [0088] On the other hand, the value of i is equal to the number 
N of chirp parameter set values, the reception waveform information 

calculating section 33a sets the chirp parameter to be a b , and 
the total dispersion amount to be E b (step S115) . 
[0089] As described above, the reception waveform information 

10 calculating section 33a sets the chirp parameter to be a± for all 
the chirp parameter set values i=l to N-l , and repeats the operations 
of steps SI 02 to S114, and for each case, obtains the maximum 
correlation value RR± and the total dispersion amount E± at that 
time. Finally, the reception waveform information calculating 

15 section 33a obtains a maximum value RR b of RRi and a chirp parameter 

ot b and a total dispersion amount E b corresponding to RR b . Thereafter, 
the reception waveform information calculating section 33a sets 

a chirp parameter and a total dispersion amount used for calculation 

to be ct b and E b , and ends the estimation of the specification of 
20 the optical transmission channel. 

[0090] Note that, when rough values for guidance for the chirp 

parameter and the total dispersion amount are known, and it is 

only necessary to finely adjust these rough values, the set value 

ranges of the chirp parameter and the total dispersion amount may 

25 be narrowed. Conversely, when the values of the chirp parameter 
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and the total dispersion amount are not known at all, the set value 
ranges of the chirp parameter and the total dispersion amount may 
be broadened. When the value of either the chirp parameter or 
the total dispersion amount is known, the known value may be fixed 
5 and the other value may be changed and estimated. 

[0091] Although an influence of the wavelength dispersion has 
been herein described, when other waveform deteriorating factors 
(nonlinearity of input/output characteristics of a semiconductor 
laser or an optical modulator , etc.) cannot be ignored, influences 
10 of these factors may be taken into consideration as appropriate 
to calculate a received waveform. 

[0092] Also, in this variation, the case where the reception 
waveform information is calculated based on the total dispersion 
amount and the chirp parameter has been described as an example. 

15 Here, when the slope efficiency, and the conversion efficiency 
of the optical-to-electrical conversion section are included in 
the specification of the optical transmission channel , rough values 
for guidance for these values can be previously obtained, and 
therefore, may be previously input to the reception waveform 

20 information calculating section. 

[0093] As described above, according to this variation, even 
when the specification of the optical transmission channel is not 
clear, the specification of the optical transmission channel can 
be determined so that the correlation value is maximized. Thereby, 

25 even when a distortion occurs in an optical signal received by 
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the pulse signal demodulation device, a template signal in which 
a distortion similar to that of the optical signal is caused to 
occur can be generated. Therefore, since the absolute value of 
the correlation value can be maintained high, the pulse signal 
5 can be correctly demodulated. 
[00 94] (Second embodiment) 

FIG. 6 is a diagram illustrating a configuration of an 
optical transmission system to which a pulse signal demodulation 
device 30b according to a second embodiment of the present invention 
10 is applied. The optical transmission system of FIG. 6 includes 
a transmission device 10 and the pulse signal demodulation device 

^ OH . Thp t r^n <^m i etc;-] H^tH r* <=± 1 Q ^nH fho nn 1 c; o c-i rrnal Horpn/^n 1 =s f "i r\in 

device 30b are connected via an optical transmission channel 20. 
[0095] In FIG. 6, the pulse signal demodulation device 30b of 

15 this embodiment is different from the pulse signal demodulation 
device 30 of the first embodiment of FIG. 1 in that a storage section 
35 is further provided. In FIG. 6, components similar to those 
of FIG. 1 are indicated with the same reference numerals and will 
not be described. 

20 [0096] The storage section 35 stores the transmission waveform 
information and the specification of the optical transmission 
channel . The reception waveform information calculating section 
33 reads out these pieces of information from the storage section 
35, and calculates reception waveform information. Thus, 

25 according to this embodiment, the transmission waveform 
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information and the specification of the optical transmission 
channel can be previously stored in the storage section during 
a manufacturing process. 

[0097] The pulse signal demodulation device may further 
5 comprise an input section for inputting the transmission waveform 
information and the specification of the optical transmission 
channel. FIG. 7 is a diagram illustrating another exemplary 
configuration of the pulse signal demodulation device of this 
embodiment. The pulse signal demodulation device 30c of FIG. 7 
10 is different from the pulse signal demodulation device 30b of FIG. 
6 in that an input section 36 is further provided. In FIG. 7, 
components similar to those of FIG. 1 are indicated with the same 
reference numerals and will not be described. 

[ 00 98 ] The input section 3 6 is an input device, such as a keyboard, 
15 a touch panel, or the like, which accepts input of information, 
such as the transmission waveform information, the specification 
of the optical transmission channel, and the like. Also, the input 
section 36 may be an input means for inputting information to the 
pulse signal demodulation device using an interface, such as USB 
20 (Universal Serial Bus) , GPIB (General Purpose Interface Bus) , or 
the like , which connects to an external device . The storage section 
35 stores information input from the input section 36. Thereby, 
it is possible to rewrite information, such as the transmission 
waveform information, the specification of the optical 
25 transmission channel, and the like, which are stored in the storage 
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section 35. 

[0099] In the case of optical transmission, as a conventional 
method for compensating for wavelength dispersion, there is a 
method of inserting a dispersion compensation optical part (a 
5 dispersion compensation optical fiber, etc.) having wavelength 
dispersion characteristics inverse to those of the optical 
transmission channel. In general, however, the wavelength 
dispersion amount of the optical part often has a fixed value. 
Therefore, in the case where this method is used, if an installation 

10 condition, such as the transmission distance or the like, varies, 
it is necessary to optimally design the dispersion compensation 
optical part separately. In contrast to this, in the configuration 
of FIG. 7, by using the input section 36, when the pulse signal 
demodulation device 30c is installed, the transmission waveform 

15 information and the specification of the optical transmission 
channel which are appropriate for each use condition, can be input . 
In other words, only the specification of the optical transmission 
channel to be input is changed and other parts do not have to be 
changed, thereby making it possible to use the same configuration 

20 to support different installation conditions. In addition, even 
if the characteristics of the optical transmission channel (a 
semiconductor laser, etc.) change due to deterioration over time 
or the like after start of an operation, it is possible to input 
an appropriate specification of the optical transmission channel 

25 again. 
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[0100] As described above, since the pulse signal demodulation 
device further comprises the storage section and the input section, 
an effect similar to that of the first embodiment can be obtained, 
and more flexible operations can be performed, corresponding to 
5 different use conditions. 

[0101] (Third embodiment) 

FIG. 8 is a diagram illustrating a configuration of an 
optical transmission system to which a pulse signal demodulation 
device 30d according to a third embodiment of the present invention 

10 is applied. The optical transmission system of FIG. 8 includes 
a transmission device 10 and the pulse signal demodulation device 
30d. The transmission device 10 and the pulse signal demodulation 
device 30d are connected via an optical transmission channel 20. 
[0102] In FIG. 8, the pulse signal demodulation device 30d of 

15 this embodiment includes an optical-to-electrical conversion 
section 31, a correlation section 32, a reception waveform 
information calculating section 33d, and a template signal 
generating section 34d. The template signal generating section 
34d included in the pulse signal demodulation device 30d of this 

20 embodiment has a specific exemplary configuration of the template 
signal generating section 34 of the first embodiment. In FIG. 
8, components similar to those of FIG. 1 are indicated with the 
same reference numerals and will not be described. The functions 
of a transmission pulse generating section 11 and an 

25 electrical-to-optical conversion section 12 are similar to those 
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of the first embodiment and will not be described. Note that (a) 
to (h) illustrated in FIG. 8 indicate that signals indicated with 
(a) to (h) of FIG. 9 (described below) are output in directions 
indicated with arrows. 
5 [0103] The template signal generating section 34d has a 
plurality of sine wave generating sections 411 to 413, a plurality 
of amplitude/phase setting sections 421 to 423, a wave combining 
section 43, and a mask section 44. 

[0104] The reception waveform information calculating section 

10 33d generates reception waveform information based on the 
specification of the optical transmission channel and the 
transmission waveform information which are input from an input 
section (not shown) . In this embodiment, the reception waveform 
information calculating section 33d calculates the reception 

15 waveform information in a manner basically similar to that of the 
first embodiment, but different from that of the first embodiment 
in that the reception waveform information calculating section 
3 3d handles only a peak frequency component of a calculated spectrum 
of a received signal, and frequency components having integral 

20 multiples of the peak frequency component . The reception waveform 
information calculating section 33d outputs amplitudes and phases 
of a component having a peak frequency f i in the calculated received 
signal spectrumand frequency components having integral multiples 
of the peak frequency fi, as reception waveform information, to 

25 the first to third amplitude/phase setting sections 421 to 423. 
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[0105] FIG. 9 is a diagram illustrating exemplary waveforms 
of signals output from major sections of the optical transmission 
system of FIG. 8, which are obtained by simulation. Note that 
the calculation conditions are assumed as follows: a wavelength 

5 of an optical signal is 1.55 (Jm; a chirp parameter of the 
electrical-to-optical conversion section 12 is 2.5; and optical 
transmission is performed over a distance of 40 km through a single 
mode optical fiber. Hereinafter , a function of each section will 
be described with reference to FIGS. 8 and 9. 

10 [0106] FIG. 9(a) is a diagram illustrating a pulse of a 
transmission signal output from the transmission pulse generating 
section 11. FIG. 9(b) is a waveform of a received signal output 
from the optical-to-electrical conversion section 31. A 
distortion occurs in the transmission signal of FIG. 9(a) during 

15 the time when the transmission signal is converted into an optical 
signal by the electrical-to-optical conversion section 12, and 
the transmission signal is transmitted through the optical 
transmission channel 20, as illustrated in FIG. 9(b). 
[0107] The sine wave generating sections 411 to 413 of FIG. 

20 8 generate and output sine waves of the peak frequency f i and integral 
multiples of the peak frequency fi to the first to third 
amplitude/phase setting sections 421 to 423, respectively. Here, 
the case where the sine wave generating sections 411 to 413 generate 
the peak frequency fi and the double and triple frequencies, will 

25 be described as an example. The sine waves generated by the sine 



42 



wave generating sections 411 to 413 are each synchronized with 
a synchronization signal. As in the first embodiment, the 
synchronization signal needs to be in synchronization with a 
received signal, and the generating means is not particularly 
5 limited. 

[0108] FIG. 9(c) is a diagram illustrating a waveformof a signal 
generated by the first amplitude/phase setting section 421. The 
sine wave generating section 411 generates and outputs a sine wave 
having the peak frequency f± of the transmission signal of FIG. 

10 9(a) to the first amplitude/phase setting section 421. The first 
amplitude/phase setting section 421 adjusts an amplitude and a 
phase of the sine wave of the frequency fi output from the sine 
wave generating section 411, based on the reception waveform 
information output from the reception waveform information 

15 calculating section 33d. 

[0109] Specifically, the first amplitude/phase setting 
section 421 sets the values of the amplitude and phase of the 
frequency fi output from the sine wave generating section 411 to 
be equal to the values of the amplitude and phase of the frequency 

20 f i output as the reception waveform information from the reception 
waveform information calculating section 33d. 

[0110] FIG. 9(d) is a diagram illustrating a waveform of a signal 
output by the second amplitude/phase setting section 422. The 
sine wave generating section 412 generates and outputs a sine wave 
25 having a frequency double the peak frequency f i of the transmission 
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signal of FIG. 9(a) to the second amplitude/phase setting section 
422. The second amplitude/phase setting section 422 sets the 

values of the amplitude and phase of the frequency 2xf x output 
from the sine wave generating section 412 to be equal to the values 

5 of the amplitude and phase of the frequency 2xf 1 output as the 
reception waveform information from the reception waveform 

information calculating section 33d. 

[0111] FIG . 9(e) is a diagram illustrating a waveformof a signal 
output by the third amplitude/phase setting section 423 . The sine 
10 wave generating section 413 generates and outputs a sine wave having 
a frequency three triple the peak frequency f i of the transmission 
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423 . The third amplitude /phase setting section 423 sets the values 

of the amplitude and phase of the frequency 3xf x output from the 
15 sine wave generating section 413 to be equal to the values of the 

amplitude and phase of the frequency 3xf x output as the reception 
waveform information from the reception waveform information 
calculating section 33d. 

[0112] Thereafter, the amplitude/phase setting sections 421 
20 to 423 output the sine wave signals whose amplitude and phase have 
been adjusted, to the wave combining section 43. 
[0113] The wave combining section 43 combines the sine wave 
signals output from the amplitude/phase setting sections 421 to 
423 and outputs the combined wave to the mask section 44. FIG. 
25 9(f) is a diagram illustrating a waveform of the signal output 
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by the wave combining section 43. As illustrated in FIG. 9(f), 
the signal output by the wave combining section 43 is a signal 
which has a series of waveforms each similar to the received signal 
of FIG. 9 (b) . 

5 [0114] The mask section 44 adjusts timing of a pulse in the 
signal output from the wave combining section 43 , and outputs the 
resultant signal as a template signal to the correlation section 
32. Specifically, the mask section 44 generates the template 
signal based on a hopping pattern indicating timings with which 
10 pulses are present, and the signal output from the wave combining 
section 43. 

[0115] FIG. 9(g) is a diagram illustrating a waveform of the 
hopping pattern input to the mask section 44. Thus, the hopping 
pattern has a waveform which goes to "1" with timing where there 

15 is a pulse, and goes to "0" with timing where there is not a pulse. 
[0116] The mask section 44 passes the signal received from the 
wave combining section 43 when the hopping pattern is "1", and 
does not pass the signal received from the wave combining section 
43 when the hopping pattern is "0". FIG. 9(h) is a diagram 

20 illustrating a waveform of the template signal output by the mask 
section 44 . As illustrated in FIG . 9(h), the template signal output 
from the mask section has the same pattern as that of the hopping 
pattern . The mask section 4 4 outputs the generated template signal 
to the correlation section 32. Thus, the template signal close 

25 to the waveform of the received signal can be obtained. 
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[0117] As described above, according to this embodiment, the 
pulse signal demodulation device generates a template signal using 
a peak frequency of a transmission signal spectrum and integral 
multiple components thereof. For example, when any arbitrary 
5 waveform generator is used to generate the template signal, a 
sampling rate which is at least about several times higher than 
frequency components contained in the template signal is required. 
However, according to this embodiment, frequencies which are used 
to generate the template signal are only a peak frequency and 
10 integral multiple frequency components thereof of a transmission 
signal spectrum. Therefore, parts for a relatively low rate can 
be used as compared to when any arbitrary waveform generator is 
used . 

[0118] Also, according to this embodiment, as compared to when 
15 the template signal generating section is composed of any arbitrary 
waveform generator, a time required to generate the template signal 
can be reduced. Therefore, when a transmission signal having a 
small pulse width is demodulated, i.e., a transmission rate is 
increased, this embodiment is particularly effective. 
20 [0119] Note that, when transmission devices and pulse signal 
demodulation devices are connected in one-to-one correspondence, 
but not in multiple connection, a received signal only needs to 
be detected, and therefore, a signal output from the wave combining 
section 43 can be directly used as a template signal. Therefore, 
25 in this case, the mask section 44 can be removed from the pulse 



signal demodulation device. 

[0120] Also, according to this embodiment, the case where the 
peak frequency fi of the waveform of a transmission signal and 
the double and triple frequencies thereof are used, has been 
described. It may be determined as appropriate how many times 
higher than the peak frequency fi a highest frequency component 
used is, depending on the specifications of the transmission device 
and the transmission channel. 
[0121] (Fourth embodiment) 

FIG. 10 is a block diagram illustrating a configuration 
of an optical transmission system to which a pulse signal 
demodulation device 30 according to a fourth embodiment of the 
present invention is applied. The optical transmission system 
of FIG. 10 includes a transmission device 10a and a pulse signal 
demodulation device 30 . The transmission device 10a and the pulse 
signal demodulation device 30 are connected via an optical 
transmission channel 20. 

[0122] The transmission device 10a includes an RZ modulation 
section 13 and an electrical-to-optical conversion section 12. 
The pulse signal demodulation device 30 includes an 
optical-to-electrical conversion section 31, a correlation 
section 32, a reception waveform information calculating section 
33, and a template signal generating section 34. 
[0123] The optical transmission system of FIG. 10 is different 
from the optical transmission system of FIG. 1 in that the RZ 
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modulation section 13 which generates an RZ (Return to Zero) signal 
is included in the transmission device 10 instead of the 
transmission pulse generating section 11. The other components 
are similar to those of the first embodiment, and therefore, 
5 components similar to those of FIG. 1 are indicated with the same 
reference numerals and will not be described. 

[0124] The RZ modulation section 13 converts transmission data 
into an RZ signal, and outputs the RZ signal as a transmission 
signal to the electrical-to-optical conversion section 12. 
10 [0125] In the reception waveform information calculating 
section 33, input transmission waveform information is information 
which indicates a pulse waveform of the RZ signal output from the 
RZ modulation section 13. 

[0126] The correlation section 32 demodulates the RZ signal 
15 into received data based on a template signal output from the 

template signal generating section 34 and a received signal output 

from the optical-to-electrical conversion section 31. 

[0127] As described above, according to this embodiment, in 

the case where the RZ signal is converted into an optical signal 
20 before transmission, even when a distortion occurs in the waveform 

of the RZ signal, the RZ signal can be correctly demodulated. 

[0128] (Variation of fourth embodiment) 

Next, a variation of the fourth embodiment will be 

described. FIG . 11 is a block diagram illustrating a configuration 
25 of an optical transmission system to which a pulse signal 
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demodulation device 30e of this variation is applied. The optical 
transmission system of FIG. 11 includes a transmission device 10a 
and the pulse signal demodulation device 30e. The transmission 
device 10a and the pulse signal demodulation device 30e are 
5 connected via an optical transmission channel 20. 

[0129] The transmission device 10a includes an RZ modulation 
section 13 and an electrical-to-optical conversion section 12. 
The pulse signal demodulation device 30e includes an 
optical-to-electrical conversion section 31, a correlation 

10 section 32, a reception waveform information calculating section 
33e, and a template signal generating section 34e. The template 
signal generating section 34e has a plurality of sine wave 
generating sections 411 to 413, a plurality of amplitude/phase 
setting sections 421 to 423, a wave combining section 43, and a 

15 bias section 4 5 . 

[0130] The configuration of the transmission device 10a of FIG. 
11 is similar to that of the transmission device 10a of FIG. 10 
and will not be described. The configuration of the pulse signal 
demodulation device 30e of FIG. 11 is different from the pulse 

20 signal demodulation device 30d of the third embodiment of FIG. 
8 in that the template signal generating section 34e has the bias 
section 45 instead of the mask section 44. The other components 
are similar to those of the third embodiment, and therefore, 
components similar to those of FIG. 8 are indicated with the same 

25 reference numerals and will not be described. Also, the reception 
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waveform information calculating section 33e of this embodiment 
corresponds to the reception waveform information calculating 
section 33d of the third embodiment of FIG. 8. Note that (a) to 
(h) illustrated in FIG. 11 indicate that signals indicated with 
5 (a) to (h) of FIG. 12 (described below) are output in directions 
indicated with arrows. 

[0131] FIG. 12 is a diagram illustrating waveforms of signals 
output from major sections of the optical transmission system of 
FIG. 11. Hereinafter, a function of each section will be described 

10 with reference to FIGS. 11 and 12. 

[0132] FIG. 12(a) is diagram illustrating a waveform of a 
transmission signal output from the RZ modulation section 13. As 
illustrated in FIG . 12(a), the transmission signal is an RZ signal . 
When there is a pulse, data "1" is output from the RZ modulation 

15 section 13. When there is not a pulse, data M 0" is output from 
the RZ modulation section 13. 

[0133] FIG. 12(b) is a waveform of a received signal output 

from the optical-to-electrical conversion section 31. A 
distortion occurs in the transmission signal of FIG. 12 (a) during 

20 the time when the transmission signal is converted into an optical 
signal by the electrical-to-optical conversion section 12 and the 
transmission signal is transmitted through the optical 
transmission channel 20, as illustrated in FIG. 12 (b) . 
[0134] FIG. 12(c) is a diagram illustrating a waveform of a 

25 signal output from the first amplitude/phase setting section 421. 
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FIG. 12 (d) is a diagram illustrating a waveform of a signal output 
from the second amplitude/phase setting section 422. FIG . 12(e) 
is a diagram illustrating a waveform of a signal output from the 
third amplitude/phase setting section 421. The functions of the 
5 sine wave generating sections 411 to 413, the amplitude/phase 
setting sections 421 to 423 and the wave combining section 43 are 
similar to those of the third embodiment and will not be described. 
[0135] FIG. 12(f) is a diagram illustrating a waveform of a 
signal output from the wave combining section 43. The wave 

10 combining section 43 combines the sine wave signals output from 
the amplitude/phase setting sections 421 to 423, and outputs the 
combined signals to the bias section 45. As illustrated in FIG. 
12(f), the signal output from the wave combining section 43 has 
a waveform similar to that of the received signal , and has an average 

15 level of "0" . On the other hand, since the received signal is 
an RZ signal, the minimum value is "0" . 

[0136] The bias section 45 adds a bias to the signal output 
from the wave combining section 43 so that the minimum value of 
the signal is "0", and outputs the resultant signal as a template 

20 signal to the correlation section 32. 

[0137] The correlation section 32 obtains a correlation value 
and demodulates the received signal, based on the template signal 
output from the bias section 45 and the received signal output 
from the optical-to-electrical conversion section 31. 

25 [0138] Thus, by adding a bias to the signal output from the 



wave combining section 43 so that the minimum value of the signal 
is "0", a received signal waveform of an RZ signal in which a 
distortion occurs can be reproduced. By using this as a template 
signal, it is possible to suppress deterioration of a correlation 
value due to a waveform distortion to improve reception 
performance . 

[0139] As described above, according to this embodiment, in 
an optical transmission system in which an RZ signal is converted 
into an optical signal before transmission, a pulse signal 
demodulation device can generate a template signal on which a 
distortion occurring in an optical signal is reflected. Therefore, 
an RZ signal can be correctly demodulated. 

[0140] Also, in the third and fourth embodiments, the reception 
waveform information calculating section generates the reception 
waveform information based on the input transmission waveform 
information and the input specification of the optical transmission 
channel. Here, as in the first embodiment , the reception waveform 
information calculating section may previously store the 
specification of the optical transmission channel and the 
transmission waveform information, or alternatively, may obtain 
the specification of the optical transmission channel by monitoring 
the optical transmission channel. Also, as in the variation of 
the first embodiment, when the specification of the optical 
transmission channel is not clear, the reception waveform 
information may be changed to determine the specification of the 
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optical transmission channel so that the correlation value is 
maximized . 

[0141] (Fifth embodiment) 

FIG. 13 is a block diagram illustrating a configuration 
of an optical transmission system to which a pulse signal 
demodulation device 30f according to a fifth embodiment of the 
present invention is applied. The optical transmission system 
of FIG. 13 includes a transmission device 10 and the pulse signal 
demodulation device 30f . The transmission device 10 and the pulse 
signal demodulation device 30f are connected via an optical 
transmission channel 20. 

[0142] In FIG. 13, the pulse signal demodulation device 30 f 

of this embodiment includes an optical-to-electrical conversion 
section 31, a correlation section 32, a reception waveform 
information calculating section 33f, and a template signal 
generating section 34f . The template signal generating section 
34f includes sine wave generating sections 411 to 413, a plurality 
of amplitude/phase setting sections 421 to 423, a wave combining 
section 43, and a mask section 44. 

[0143] The pulse signal demodulation device 30f of this 
embodiment is different from the pulse signal demodulation device 
30d of the third embodiment of FIG. 8 in a method of calculating 
reception waveform information in the reception waveform 
information calculating section 33f. The other components are 
similar to those of the third embodiment , and therefore, components 
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similar to those of FIG. 8 are indicated with the same reference 
numerals and will not be described. The functions of the 
transmission pulse generating section 11 and the 
electrical-to-optical conversion section 12 are similar to those 
5 of the third embodiment and will not be described. 

[0144] In this embodiment, the transmission device 10 converts 
a test signal corresponding to a code "1" into an optical signal 
and outputs the optical signal to the optical transmission channel 
20 before actually transmitting transmission data. 
10 [0145] In the pulse signal demodulation device 30f, the 
electrical signal converted by the optical-to-electrical 
conversion section 31 is split and input to the reception waveform 
information calculating section 33f. 

[0146] The reception waveform information calculating section 
15 33f generates reception waveform information based on the test 
received signal output from the optical-to-electrical conversion 
section 31. Specifically, the reception waveform information 
calculating section 33f extracts a component having a peak 
frequency f i and components having integral multiple frequencies 
20 thereof of a transmission signal spectrum from a waveform of the 
test electrical signal, and outputs amplitudes and phases thereof 
to the first to third amplitude/phase setting sections 421 to 423 
of the template signal generating section 34f. 

[ 014 7 ] Note that the operation of the template signal generating 
25 section 34f is similar to that of the template signal generating 
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section 34d of the third embodiment and will not be described. 
[0148] As described above, according to this embodiment, the 
pulse signal demodulation device generates a template signal based 
on a waveform of an actually received signal. Thereby, it is 
5 possible to easily generate a template signal having a waveform 
close to that of a received waveform. In addition, for example, 
when a complicated calculation is required to calculate a 
deterioration in waveform in an optical transmission channel (e.g. , 
when a distortion occurs in a signal waveform due to a plurality 
10 of waveform deteriorating factors) , this embodiment is 
particularly effective . 

[01491 Note that, in this embodiment, the case where the peak 
frequency fi and the double and triple frequencies thereof of a 
received signal in the spectrum of the received signal are used, 
15 has been described. Here, as in the third embodiment, it may be 
determined as appropriate how many times higher than the peak 
frequency fi a frequency component used is, depending on the 
specifications of the transmission device and the transmission 
channel . 

20 

INDUSTRIAL APPLICABILITY 

[0150] The present invention is useful as a pulse signal 
demodulation device or the like which correctly demodulates a pulse 
signal in an optical transmission system in which a pulse signal 
25 is converted into an optical signal before transmission. The 
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present invention is also useful as a demodulation circuit for 
communication devices . 



